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(57) ABSTRACT

A photodiode comprises a support substrate, an nsulating
layer formed over the support substrate, a silicon semicon-
ductor layer formed over the insulating layer and having a
device forming area and device isolation areas which sur-
round the device forming area, a device 1solation layer formed
in the device 1solation areas, a P+ diffusion layer formed 1n
the device forming area close to one edge lying inside the
device 1solation layer by diffusing a P-type impurity in a high
concentration, an N+ diffusion layer spaced away from the P+
diffusion layer and formed 1n the device forming area close to
the other edge opposite to the one edge of the device 1solation
layer by diffusing an N-type impurity 1n a high concentration,
a low concentration diffusion layer formed in the device
forming area located between the P+ diffusion layer and the
N+ diffusion layer by diffusing an impurity of the same type
as either one of the P+ diffusion layer and the N+ diffusion
layer 1n a low concentration, and silicide layers respectively
formed above the P+ diffusion layer and the N+ diffusion
layer with being spaced away from a boundary between the
low concentration diffusion layer and the P+ diffusion layer
and a boundary between the low concentration diffusion layer

and the N+ diffusion layer.

22 Claims, 12 Drawing Sheets
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PHOTODIODE AND PHOTO INTEGRATED
CIRCUIT HAVING THE SAML

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a claims priority under 35 U.S.C. §119

to Japanese Patent Application Serial No. JP2006-308381
filed on Nov. 14, 2006, entitled “Photodiode and Photo IC

having the same,” the disclosure of which 1s hereby 1ncorpo-
rated by reference.

FIELD OF THE INVENTION

The present invention relates to a photodiode that generates
current in response to light, particularly, ultraviolet light, and
a photo 1ntegrated circuit (IC) equipped with the same.

INTRODUCTION TO THE INVENTION

The present invention provides, 1n part, a photodiode com-
prising a support substrate, an msulating layer formed over
the support substrate, a silicon semiconductor layer formed
over the mnsulating layer and having a device forming area and
device 1solation areas which surround the device forming
area, a device 1solation layer formed in the device 1solation
areas, a P-type high-concentration diflusion layer formed 1n
the device forming area close to one edge lying inside the
device 1solation layer by diffusing a P-type impurity in a high
concentration, an N-type high-concentration diffusion layer
spaced away from the P-type high-concentration diffusion
layer and formed in the device forming area close to the other
edge opposite to the one edge of the device 1solation layer by
diffusing an N-type impurity 1n a high concentration, a low
concentration diffusion layer formed 1n the device forming
area located between the P-type high-concentration diffusion
layer and the N-type high-concentration diffusion layer by
diffusing an impurity of the same type as either one of the
P-type high-concentration diffusion layer and the N-type
high-concentration diffusion layer in a low concentration,
and silicide layers respectively formed above the P-type high-
concentration diffusion layer and the N-type high-concentra-
tion diffusion layer being spaced away from a boundary
between the low concentration diffusion layer and the P-type
high-concentration diffusion layer and a boundary between
the low concentration diffusion layer and the N-type high-
concentration diffusion layer.

The present invention brings about advantageous effects in
that non-silicide portions can easily be formed with the sides
of the boundaries with the low concentration diffusion layer
not brought 1into contact with the device 1solation layer at the
peripheral edges of the P-type high-concentration diffusion
layer and the N-type high-concentration diffusion layer being
spaced away from the low concentration diffusion layer, and
silicide layers are prevented from covering the low concen-
tration diffusion layer, thus making it possible to stabilize the
quality of a photodiode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of an upper surface of a photodiode
according to a first exemplary embodiment;

FIG. 2 1s a sectional view taken along line A-A of FIG. 1;

FIG. 3 1s a cross-section of a segment of a photo integrated
circuit in accordance with the first exemplary embodiment;

FI1G. 4 15 a sequential series of cross-sections of integrated
circuit segments after completion of certain processing steps
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2

in accordance with fabricating a photo integrated circuit of
the first exemplary embodiment;

FIG. 5 1s a sequential series of cross-sections of integrated
circuit segments, after exhausting the processing steps of
FIG. 4, after completion of certain processing steps in accor-
dance with fabricating a photo 1ntegrated circuit of the first
exemplary embodiment;

FIG. 6 1s a graph illustrating how an optical absorption
coellicient of silicon changes with changing wavelength;

FIG. 7 1s a graph illustrating how an optical absorbance
changes with changing thicknesses of a silicon semiconduc-
tor layer;

FIG. 8 1s a graph 1llustrating how wavelength changes with
changing thicknesses of the silicon semiconductor layer;

FIG. 9 1s a graph 1llustrating the relationship between cur-
rent and voltage for the first exemplary embodiment;

FIG. 10 1s a plan view of an upper surface of a photodiode
according to a second exemplary embodiment;

FIG. 11 1s a sectional view taken along line B-B of FI1G. 10;

FIG. 12 1s a cross-section of a segment of a photo integrated
circuit in accordance with the second exemplary embodi-
ment;

FIG. 13 1s a sequential series of cross-sections of integrated
circuit segments after completion of certain processing steps
in accordance with fabricating a photo integrated circuit of
the second exemplary embodiment;

FIG. 14 1s a sequential series of cross-sections of integrated
circuit segments, after exhausting the processing steps of
FIG. 13, after completion of certain processing steps 1n accor-
dance with fabricating a photo integrated circuit of the second
exemplary embodiment;

DETAILED DESCRIPTION

The exemplary embodiments of the present invention are
described and illustrated below to encompass methods of
tabricating photodiodes that generates current 1n response to
light, particularly, ultraviolet light, as well as photo integrated
circuits that include photodiodes. Of course, 1t will be appar-
ent to those of ordinary skill in the art that the preferred
embodiments discussed below are exemplary 1n nature and
may be reconfigured without departing from the scope and
spirit of the present invention. However, for clarity and pre-
cision, the exemplary embodiments as discussed below may
include optional steps, methods, and features that one of
ordinary skill should recognize as not being a requisite to fall
within the scope of the present invention. Moreover, the
exemplary description may utilize the same reference numer-
als and symbols appearing in the drawings across multiple
embodiments to refer to the same structural components.

Retferencing FIGS. 1 and 2, a first exemplary embodiment
comprises a photodiode 1. This photodiode 1 comprises an
optical sensor or photosensor that 1s formed 1n a silicon semi-
conductor layer 4 of a semiconductor waier having a silicon-
on-nsulator (SOI) structure. The exemplary SOI structure
includes a silicon semiconductor layer 4 comprising a thin
monocrystalline silicon layer formed on a silicon substrate 2
having an buried oxide film (BOX) 3. In this exemplary
embodiment, the oxide film 1s silicon oxide (S10,) and this
s1licon oxide film 1nterposes the silicon semiconductor layer
4 and the silicon substrate. The photodiode of the first exem-
plary embodiment has sensitivity only in an ultraviolet region
with a wavelength of generally 400 nm or less.

Referring to FIGS. 3-5, a diode forming area 6 1s used as a
device forming area for forming the photodiode 1, and tran-
sistor forming areas 8a and 85 are used as device forming
areas for forming an nMOS element 7a and a pMOS element
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7b (see FIG. 5 (d)) each defined as MOSFET (Metal Oxide
Semiconductor Field Effect Transistor) that are set onto the
s1licon semiconductor layer 4 of the first exemplary embodi-
ment 1. Device 1solation areas 10 for forming the device
isolation layers 9 are set to their corresponding areas that
surround the diode forming area 6 and the transistor forming
areas 8a and 86 1in generally rectangular frame form over their
peripheries.

Each of the device 1solation layers 9 1s formed 1n the silicon
semiconductor layer 4, lying 1n the device 1solation areas 10
so as to reach the BOX film 3, using an insulating material
such as silicon oxide. The device 1solation layers 9 respec-
tively have the function of electrically insulating and separat-
ing the adjacent diode forming area 6 from the transistor
forming areas 8a and 85 1n the silicon semiconductor layer 4.
Incidentally, 1t 1s to be understood that the device 1solation
layers 9 are shown crosshatched 1n the figures only for pur-
pose of distinguishing these layers from adjacent structures.

Reference numeral 12 indicates a P+ diffusion layer having
a relatively high concentration of P-type dopant. This difiu-
sion layer 12 1s formed by diffusing a P-type impurity (1.e.,
dopant) such as boron (B) into the corresponding silicon
semiconductor layer 4 of the diode forming area 6 1n a rela-
tively high concentration. As shown 1n FIG. 1, the P+ diffu-
sion layer 12 has a shape generally resembling a comb that
comprises an edge portion 12a contacting one edge 9a of a
corresponding device isolation layer 9, and a plurality of
comb tooth portions 125 that extend from the edge portion
12a and border a nndge portion of the device 1solation layer 9,
which 1n exemplary form 1s oriented generally perpendicular
to the edge portion 12a on two sides, with a third side being
generally parallel to the edge portion 12a but spaced away
from the edge portion. In other words, the P+ diffusion layer
12 of this first exemplary embodiment 1s formed 1n a gener-
ally “m-shaped” fashion so that the comb tooth portions 1256
are caused to extend from the edge portion 12a.

Reference numeral 14 indicates an N+ type diffusion layer
having a relatively high concentration of N-type dopant. This
diffusion layer 14 1s formed by diffusing a dopant opposite to
the P-type high-concentration diffusion layer (1.e., an N-type
impurity such as phosphor (P), arsenic (As) or the like) into
the corresponding silicon semiconductor layer 4 1n the diode
forming area 6 1n a relatively high concentration. As shown in
FIG. 1, the N+ diffusion layer 14 has a shape generally resem-
bling a comb that comprises an edge portion 14a contacting
an opposite edge of a corresponding device 1solation layer 9,
and a plurality of comb tooth portions 145 that extend from
the edge portion 14a and border a ridge portion of the device
isolation layer 9, where the ridge portion, in exemplary form,
1s oriented generally perpendicular to the edge portion 14a on
two sides, with a third side being generally parallel to the edge
portion 14a but spaced away from the edge portion. The N+
diffusion layer 14 of the present embodiment 1s formed 1n a
generally “E-shaped” fashion so that the comb tooth portions
145 are caused to extend from the ndge portion 14a.

Reference numeral 15 indicates a P— diffusion layer having,
a relatively a low concentration of P-type dopant. This ditiu-
sion layer 135 1s formed by diffusing a P-type impurity mto the
silicon semiconductor layer 4 contacting the P+ diffusion
layer 12 and the N+ diffusion layer 14, where the diffusion
layers 12,14 are respectively spaced away from each other
and disposed 1n an opposing relationship with the tooth por-
tions 1256 and 14b. This P- diffusion layer 15 corresponds to
a region or portion where electron-positive hole pairs are
generated by light characterized as exhibiting an ultraviolet
wavelength, where the ultraviolet light 1s absorbed nto a
depletion layer formed herein.
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With the above configuration, the photodiode 1 of this first
exemplary embodiment 1s formed 1n such a manner that the
P+ diffusion layer 12 and the N+ diffusion layer 14 are dis-
posed 1n an opposing relationship with the tooth portions 1256
and 145, with the P- diffusion layer 15 interposing the difiu-
sion layers 12,14, and the peripheral edge and rndge portions
12a,125,14a14b, forming a boundary 16 between the P+ diif-
fusion layer 12 and the P- diffusion layer 15, as well as
forming a boundary between the N+ diffusion layer 14 and

the P- diffusion layer 15.

Reference numerals 17 indicate silicide layers that are
conductive, which 1n exemplary form comprise a silicon com-
pound formed by combining a high melting-point metal such
as cobalt (Co), titanium (I1), Nickel (Ni1) or the like with
silicon by annealing or other similar heat treatment. The
silicide layers 17 are respectively formed above the P+ diffu-
sion layer 12 and the N+ diffusion layer 14, while being
spaced away from the boundaries 16. Incidentally, the silicide
layers 17 are shown hatched in the figures only for purpose of
distinguishing these layers from adjacent structures. Thus,
non-silicide portions 18 of the P+ diffusion layer 12 and the
N+ diffusion layer 14 lie between the peripheral edges of the
silicide layers 17 and the boundaries 16.

The thickness of the silicon semiconductor layer 4 of this
first exemplary embodiment 1s formed on the order 50
nanometers or less to provide a photodiode 1 having sensi-
tivity only 1n the ultraviolet region with a wavelength on the
order of about 400 nanometers or less. That 1s, light or optical
absorbance I/l 1n the silicon 1s represented by the Beer’s law
expressed 1 Equation #1 using light or optical absorption
coellicient o

/I =% Equation #1

where 7 1s the depth of penetration or entrance of light; I 1s the
light 1ntensity at depth Z; and, I 1s the intensity ot incident
light.

The optical absorption coelficient o depends on wave-
length, as shown 1n FIG. 6. When the optical absorbance I/1_
1s determined for various thicknesses (7)) of the silicon semi-
conductor layer 4 using Equation #1, graphs may be gener-
ated such as those shown 1n FIG. 7. It 1s to be understood that
when the optical absorbance I/l 1s 0.1 orless (1.e., 10% or less
as shown 1n FIG. 7), the optical absorbance I/l abruptly
changes and the wavelength 1s transitioned 1n a short-wave-
length direction (1.e., the direction of the ultraviolet region as
the thickness becomes thinner). As shown 1 FIG. 8, 1t 1s
understood that when the wavelength 1s such that the optical
absorbance I/Io with respect to the thickness of the silicon
semiconductor layer 4 1s brought to 10%, the thickness of the
s1licon semiconductor layer 4 may be set to approximately 50
nanometers or less to obtain a photodiode 1 having sensitivity
only in the ultraviolet region with the wavelength on the order
of 400 nanometers or less. Therefore, the thickness of the
s1licon semiconductor layer 4 for detecting only the ultravio-
let region may be selectively set to approximately 50 nanom-
eters or less, and 1n exemplary form, 1ts lower limit may be set
to 3 nanometers.

The reason why the thickness of the silicon semiconductor
layer 4 1s set to greater than or equal to 3 nanometers 1s that 1t
becomes difficult to accommodate variations 1n the thickness
where the silicon semiconductor layer 4 1s formed 1n the
semiconductor wafer, as the thickness thereol may be set
thinner. As shown in FIG. 5(e), the photodiode 1 of this first
exemplary embodiment 1s formed together with the nMOS
clement 7a and pMOS element 76 formed in the silicon
semiconductor layer 4.
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The nMOS element 7a employed 1n this first exemplary
embodiment 1s formed 1n 1ts corresponding transistor forming
area 8a on the silicon semiconductor layer 4, where a gate
oxide film (1.e., layer) 21a comprises a relatively thin insu-
lating film of silicon oxide or the like.

Referring specifically to FIG. 5(e), a gate electrode 22a 1s
tormed over the gate oxide film 21a and comprises polysili-
con or the like having the same type of impurity (N-type 1n
this first exemplary embodiment) as a source layer 25a, where
the impunity 1s diffused 1n arelatively high concentration. The
gate electrode 22a 1s formed 1n generally the center of the
transistor forming area 8a as viewed 1n a gate-length direction
and 1n an opposing relationship with the silicon semiconduc-
tor layer 4 of the transistor forming area 8a, where the gate
oxide film 21a mterposes the silicon semiconductor layer 4
and the gate electrode 22a. Sidewalls 23, comprising an 1nsu-
lating material such as silicon nitride (S1;N,), are formed on
their corresponding side surfaces of the gate oxide film 21a
and the gate electrode 22a. It should be noted that a portion of
the gate electrode 22a 1s later silicided, and thus the sidewalls
23 are then located on the side surfaces of the gate oxide film
21a, the gate electrode 22a, and silicide layer 17.

The source layer 25aq and a drain layer 26a, where the
N-type impurity 1s diffused 1n a relatively high concentration,
are formed 1n the silicon semiconductor layer 4 on both sides
of the gate electrode 22a in the transistor forming area 8a.
Extension portions 27a for the source layer 25a and the drain
layer 26a are respectively formed to the sides of the gate
electrode 22a and underneath the sidewalls 23, but the con-
centration of the impurity 1s not as high as the other layers
25a,26a.

The silicide layers 17 within the semiconductor layer 4 are
respectively formed above the source layer 254 and the drain
layer 26a. A channel region 28a of the nMOS eclement 7a
includes a P-type impurity, opposite to that of the source layer
2354, that 1s diffused in a relatively low concentration. The
channel region 28a 1s formed in the silicon semiconductor
layer 4, located between the extension portions 27a for the
source layer 25a and the drain layer 26a, but located below
the gate oxide film 21a.

The pMOS element 76 employed 1n this first exemplary
embodiment 1s formed 1n a similar manner to the nMOS
clement 7a, except that the type (N-type vs. P-type) of impu-
rity 1s reversed. The pMOS element 76 has a source layer 255
and a drain layer 265 formed 1n the silicon semiconductor
layer 4 of the transistor forming area 8b, and a gate electrode
22b formed with sidewalls 23 sitting above extension por-
tions 276 of the source layer 255 and the drain layer 265,
where a gate oxide film 215 interposes the sidewalls 23. The
silicide layers 17 of the pMOS and nMOS elements 7a,7b, are
respectively formed above the gate electrode 224,22b. Like-
wise, the silicide layers 17 1n the silicon semiconductor layer

4 are formed directly above the source layers 254,255 and the
drain layers 25a,265.

The P+ diffusion layer 12, the source layer 255 the pMOS
clement 7b, and drain layer 265 of the pMOS element 75, are
cach formed by diffusing the same P-type impurities 1n sub-
stantially the same concentration. Likewise, the N+ diffusion
layer 14, the source layer 25a of the nMOS element 7a, and
drain layer 26a of the nMOS e¢lement 7a are each formed by
diffusing the same N-type impurities in substantially the
same concentration. Further, the P- diffusion layer 135 of the
photodiode 1, as well as the channel region 28a of the nMOS
clement 7a, 1s each formed by diffusing the same P-type
impurities 1n substantially the same concentration. Inciden-
tally, as used herein, the gate-length direction extends from
the source layer 25a or 255 to the drain layer 26a or 265, and
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in parallel with the upper surface of the silicon semiconductor
layer 4 or 1ts opposite direction.

Referring specifically to FIGS. 3-5, aresistmask 31 1s used
as a mask member, where the resist mask 1s formed by pho-
tolithography to exposure and development a positive or
negative resist applied onto the silicon semiconductor layer 4.
The resist mask 31 functions as a mask for etching and 1on
implantation employed in the present embodiment. Those
skilled 1n the art are familiar with photolithography and the
usage of positive or native resists to form masks on a sub-
strate.

The following 1s an explanation of an exemplary method
for manufacturing the photo integrated circuit 1 according to
this first exemplary embodiment. Initially, as shown in FIG.
3(a), a silicon semiconductor layer 4 1s formed on a semicon-
ductor water (not shown) to a thickness of approximately 50
nanometers using a known thermal oxidation method. There-
alter, a sacrificial oxide film 1s formed 1n a thin silicon layer of
the semiconductor wafer having an SOI structure by forming
an BOX {ilm 3 by an SIMOX (Separation by Implantation of
Oxygen) method with a thin silicon layer left behind. Alter-
natrvely, a thin silicon layer of a semiconductor water of an
SOI structure 1s formed on the BOX film 3 with a thin silicon
layer attached thereto and removing the same by wet etching.

Referring to FIG. 3(a), a pad oxide film (not shown) having
a relatively thin thickness 1s formed on the silicon semicon-
ductor layer 4 (having a predetermined thickness of approxi-
mately 50 nanometers) by a known thermal oxidation
method. A silicon nitride film (not shown), comprising silicon
nitride, 1s formed on the pad oxide film by a CVD (Chemical
Vapor Deposition) method. A resist mask (not shown), which
covers the diode forming area 6 and transistor forming areas
8a and 85b (1.¢., which has exposed each device 1solation area
10), 1s formed on the silicon nitride film by photolithography.
With this as a mask, the silicon nitride film 1s removed by
anisotropic etching to expose the pad oxide film.

The resist mask 1s removed and the silicon semiconductor
layer 4 of each device 1solation area 10 1s oxidized by a
LOCOS (Local Oxidation of Silicon) method, where the
exposed silicon nitride film acts as a mask to form device
isolation layers 9 that reach the BOX film 3. The silicon
nitride film and the pad oxide film are removed by wet etch-
ing, thereby forming the device isolation layers 9 in the
respective device 1solation areas 10 of the silicon semicon-
ductor layer 4.

A resist mask 31 having exposed the diode forming area 6
and transistor forming area 8a 1s formed on the silicon semi-
conductor layer 4 by photolithography. Using the resist mask
31 as a blocking layer, P-type impurity 1ons are diffused into
the exposed silicon semiconductor layer 4 to form a P- dii-
fusion layer 15 of the photodiode 1 and a channel region 28a
of annMOS element 7a. It 1s to be understood that at this step,
the P-type impurity (represented by the downward arrows)
has been diffused into the silicon semiconductor layer 4 1n a
relatively low concentration.

Reterencing FIG. 3(b), the resist mask 31 1s removed and a
second resist mask 31 1s formed by photolithography to
expose a transistor forming area 85 on the silicon semicon-
ductor layer 4. N-type impurity 1ons are diffused into the
exposed silicon semiconductor layer 4 with the resist mask 31
acting to block diffusion of N-type impurities in unexposed
areas, thereby forming a channel region 2856 of a pMOS
clement 75 by diffusing N-type impurities (represented by the
downward arrows) 1nto the silicon semiconductor layer 4 1in a
relatively low concentration. Thereatter, this second resist
mask 31 1s removed.
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Referring to FIG. 3(c), the upper surface of the silicon
semiconductor layer 4 1s oxidized by a known thermal oxi-
dation method to form a silicon oxide film 33. Polysilicon 1s
deposited on the silicon oxide film 33, using known deposi-
tion techmiques, to form a relatively thick polysilicon layer
34.

Referencing FI1G. 3(d), a resist mask (not shown), which
covers the forming areas of gate electrodes 224,225 at the
centers of the transistor forming areas 84,80 (as viewed 1n a
gate-length direction), 1s formed on the polysilicon layer 34
by photolithography. Using the resist mask as an etch-through
layer, the polysilicon layer 34 and the silicon oxide film 33 are
ctched away 1n the exposed areas of the mask by dry etching
or the like, thereby forming the gate electrodes 224,225 and
gate oxides 21a,215b above the channel regions 284,285 of the
silicon semiconductor layer 4. Thereafter, the mask 1s
removed.

With reference to FI1G. 4(a), another resist mask 31, formed
by photolithography, exposes at least portions of the forming,
areas 6,8a (corresponding to the portion shaped 1n the form of
a backwards “E” shown in FIG. 1 of the N+ diffusion layer
14). N-type impurity 1ons (represented by the downward
arrows) are diffused into the polysilicon of the silicon semi-
conductor layer 4 and gate electrode 22a exposed by the resist
mask 31 to form extension portions 27a of the nMOS element
7a at which an N-type impurity 1s diffused into the silicon
semiconductor layer 4 on both sides of the gate electrode 22a
in a median concentration. Likewise, N-type impurity 1ons
(represented by the downward arrows) are diffused into the
polysilicon of the silicon semiconductor layer 4 at median
concentrations to form the diffusion layer 14 within the diode
forming area 6. Thereafter, the mask 31 1s removed.

Looking at FIG. 4(b), a further resist mask 31, formed by
photolithography, exposes at least portions of the forming
areas 6,8b (corresponding to the portion shaped 1n the form of
“m” of FIG. 1 of the P+ diffusion layer 12). P-type impurity
ions (represented by the downward arrows) are diffused into
the polysilicon of the silicon semiconductor layer 4 and gate
clectrode 226 exposed by the resist mask to form extension
portions 27b of the pMOS element 76 at which a P-type
impurity 1s diffused into the silicon semiconductor layer 4 on
both sides of the gate electrode 226 1n a median concentra-
tion. Likewise, P-type impurity 1ons (represented by the
downward arrows) are diffused into the polysilicon of the
silicon semiconductor layer 4 at median concentrations to
form the P+ diffusion layer 12 within the diode forming area
6. Thereafter, the mask 31 1s removed.

Referring to FIG. 4(c¢), a silicon nitride layer 1s deposited
by CVD on the gate electrodes 224,226 and on the exposed
portions of silicon semiconductor layer 4 by a CVD. The
s1licon nitride film 1s etched by anisotropic etching to expose
the upper surfaces of the gate electrodes 224,226 and the
upper surface of the silicon semiconductor layer 4, thereby
forming sidewalls 23 on the side surfaces of the gate elec-
trodes 22a,225.

Referencing FIG. 4(d), still another resist mask 31 1s
formed by photolithography covering the transistor forming
arca 8b, the P+ diffusion layer 12, and the P- diffusion layer
15. N-type impurity 1ons (represented by the downward
arrows) are diffused into the polysilicon of the silicon semi-
conductor layer 4 and the gate electrode 22a exposed by the
resistmask 31 to form a source layer 25a and a drain layer 264
of the nMOS element 7a on both sides of the sidewalls 23, as
well a gate electrode 22a with a relatively high concentration
of N-type impurity 1ons. Likewise, an N-type impurity is
diffused into the silicon semiconductor layer 4 to form an N+
diffusion layer 14 of the photodiode 1 with a relatively high-

5

10

15

20

25

30

35

40

45

50

55

60

65

8

concentration of N-type impurity 1ons within the diode form-
ing area 6. Therealter, the mask 31 1s removed.

Looking to FIG. 5(a), another resist mask 31 1s formed by
photolithography to expose the transistor forming area 85 and
a portion of the diode forming area 6. P-type impurity 1ons are
diffused 1nto the polysilicon of the silicon semiconductor
layer 4 and the gate electrode 225 exposed by the resist mask
31 to form a source layer 255 and a drain layer 265 of the
pMOS element 75 on both sides of the sidewalls 23, as well a
gate electrode 226 with a relatively high concentration of
P-type impurity 1ons. Likewise, an P-type impurity 1s diffused
into the silicon semiconductor layer 4 to form an P+ diffusion
layer 12 of the photodiode 1 with a relatively high-concen-
tration of P-type impurity 1ons within the diode forming area
6. Thereafter, the mask 31 1s removed.

With reference to FIG. 5(b), an annealing or heat treatment
for activating the respective diffusion layers 1s carried out.
Thereaftter, a resist mask 31 1s formed by photolithography to
expose a portion of the diode forming area 6 denoted as the
non-silicide portion forming area comprising non-silicide
portions 18 that contact boundaries 16 between the P+ diffu-
sion layer 12 and the N+ diffusion layer 14, as well as between
the P+ diffusion layer 12 and the P- diffusion layer 15.
Thereatter, silicon oxide 1s deposited by the CVD method
within the opening 1n the mask 31 to form a silicon oxide film
36. Subsequent to the CVD process, the resist mask 31 1s
removed.

The resist mask 31 for forming the silicon oxide film 36 1s
set 1n such a manner that all allowance for the alignment of the
resistmasks 31 shownn FI1GS. 4(a), 4(b), 4(d), 5(a) are taken
into consideration to provide the non-silicide portions 18, 18a
intentionally.

Referring to FIG. 5(c), cobalt 1s deposited on the gate
electrodes 224,225 and on the entire silicon semiconductor
layer 4 by a known sputtering method to form a high melting-
point metal layer. The high melting-point cobalt layer that
contacts silicon above the P+ diffusion layer 12, the N+
diffusion layer 14, the gate electrodes 22a,22b, the source
layers 25a,25b, and the drain layers 264,265 1s silicidized by
a known salicide process to form silicide layers 17. Since, at
this time, the forming areas 18a of the non-silicide portions
18 of the P+ diffusion layer 12 and the N+ diffusion layer 14
are covered with the silicon oxide film 36, the P+ diffusion
layer 12 and the N+ diffusion layer 14 remain largely as they
are without forming complete silicide layers 17. The non-
silicide portions 18 are formed at their corresponding por-
tions of the P+ diffusion layer 12 and the N+ diffusion layer
14 each adjacent to the boundary 16 for the P— diffusion layer
15. Further, the silicide layers 17 each have the same metal
component. In this case, the salicide processing includes a
heat treatment and the removal of the unreacted high melting-
point cobalt (metal) layer.

Reterencing FI1G. 5(d), the silicon oxide film 36 1s removed
aiter the formation of the silicide layers 17, so that the corre-
sponding photodiode 1 and nMOS and pMOS eclements 7a
and 756 according to this first exemplary embodiment are
formed.

Retferring to FIG. 3(e), an insulating material, such as
silicon oxide, 1s deposited relatively thick (approximately
800 nanometers) over the entire surface by a known CVD
method. A flattening or planarization process is carried out on
the upper surface of the silicon oxide layer to form an inter-
layer msulating film 32. A resist mask (not shown) having
apertures or openings to expose the interlayer mnsulating film
32 thereby allowing contact hole formation over the silicide
layers 17 of the P+ diffusion layer 12 and N+ diffusion layer
14, the source layers 25a,25b, and the drain layers 264,265 1s
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formed by known photolithography techniques. Contact
holes (not shown) are then formed by anisotropic etching (for
selectively etching silicon oxide through openings in the
resist mask (not shown)) that extend through the interlayer
insulating film 32 and reach the silicide layers 17. After the
removal of the resist mask, a conductive material 29 (such as
copper) 1s directed into the contact holes by a CVD method or
sputter method to form contact plugs. In exemplary form, the
contact plugs have a width of approximately 280 nanom-
eters). A tlattening or planarization process 1s carried out after
contact plug formation to expose the upper surface of the
interlayer msulating film 32.

A resist mask (not shown) having apertures or openings to
expose the interlayer insulating film 32 thereby allowing con-
tact hole formation over the silicide layers 17 above the gate
clectrodes 22a,22b 1s formed by known photolithography
techniques. Contact holes (not shown) are then formed by
anisotropic etchmg (for selectively etching silicon oxide
through openings in the resist mask (not shown)) that extend
through the interlayer insulating film 32 and reach the silicide
layers 17. After the removal of the resist mask, a conductive
material 30 (such as copper) 1s directed 1nto the contact holes
by a CVD method or sputter method to form contact plugs.
Thereatter, a flattening process 1s performed on the contact
plugs to expose the insulating layer 32 and plugs 29,30,
thereby forming a photo integrated circuit (IC) 38 according,
to this first exemplary embodiment.

Referring to FIG. 5(e), in the photodiode 1 formed in
accordance with this first exemplary process, 1ts P— diffusion
layer 15 diffuses the same P-type impurity as that for the
channel region 28a of the nMOS element 7a constituting the
photo IC 38 1n generally the same concentration. Therelore,
the channel region 28 of the nMOS element 7a can be formed
on a simultaneous basis using the same resist mask 31 (as
shown 1n FIG. 3(a)) for forming the channel region 28a, thus
making 1s possible to simplily the manufacturing process of
the photo IC 38. Further, since the N+ diffusion layer 14 of the
photodiode 1 diffuses the same N-type impurity as that for the
source and drain layers 25q and 264 of the nMOS element 7a
constituting the photo IC 38 in generally the same concentra-
tion, the source layer 25a and the drain layer 26a can be
formed simultaneously using the same resist mask 31, as
shown 1n FIG. 4(d), for forming the source layer 254 and the
drain layer 26a of the nMOS element 7a, thus making 1t
possible to simplity the manufacturing process of the photo
IC 38. Still further, since the P+ diffusion layer 12 of the
photodiode 1 diffuses the same P-type impurity as that for the
source layer 255 and the drain layer 265 of the nMOS element
7b constituting the photo IC 38 1n generally the same concen-
tration, the source layer 2556 and the drain layer 265 can be
formed simultaneously using the same resist mask 31 (as
shown 1n FIG. 5(a)) for forming the source layer 2556 and the
drain layer 266 of the pMOS element 75, thus making 1t
possible to simplify the manufacturing process of the photo
IC 38. Even further, since the silicide layers 17 provided
above the P+ diffusion layer 12 and the N+ diffusion layer 14
are formed of the same metal component as the silicide layers
17 provided above the source layers 25aq and 256 and drain
layers 26a and 265 of the nMOS element 7a and pMOS
clement 7b, they can be formed simultaneously using the
same high melting-point metal layer (as shown 1n FI1G. 5(c¢))
for forming the silicide layers 17 over the source layers 25a
and 25b and drain layers 26a and 265 of the nMOS element 7a
and pMOS element 75, thus making it possible to simplily the
manufacturing process of the photo IC 38.

In the photodiode 1 according to this first exemplary
embodiment, the silicide layers 17 formed above the P+ dii-
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fusion layer 12 and N+ diffusion layer 14 are intentionally
spaced away from the boundaries 16 relative to the P- diffu-
sion layer 15 by the resist mask 31, taking into account the
alignment of the resist masks 31 utilized and shown 1n FIGS.
d(a), 4(b),4(d),5(a), and 5(b) so that the non-silicide portions
18 are formed between the silicide layers 17 and the bound-
aries 16 for the P- diffusion layer 15. Therefore, the silicide
layers 17 do not extend to over the P- diffusion layer 15 and
a signal-to-noise (S/N) ratio of a dark current to a photoelec-
tric current can be ensured suiliciently. It 1s also possible to
prevent variations in the characteristics of the photodiode 1
and stabilize the quality thereof.

The P+ diffusion layer 12 and the N+ diffusion layer 14 are
respectively formed 1n a state in which the ridge sides of their
edge portions 12a and 14a are held close to one edge 9a lving
inside each device 1solation layer 9 and other edge 95 oppo-
site thereto. Therefore, 1f the non-silicide portions 18 are
formed only on the sides of the boundaries 16 between the
peripheral edges of the P+ diffusion layer 12 and the N+
diffusion layer 14 and the P- diffusion layer 135, as compared
with the photodiode 1 1n which all peripheral edges of the P+
diffusion layer 12 and the N+ diffusion layer 14 are formed
close to the P— diffusion layer 15, then the above effect can be
obtained. Further, the intentional formation of the non-sili-
cide portions 18 can be done easily, and the effect of reducing
sheet resistance by enlarging the area of each silicide layer 17
can further be enhanced.

Experimental results of current-voltage characteristics at
the time that ultraviolet light 1s applied to the photodiode 1 of
this first exemplary embodiment are shown 1 FIG. 9. The
horizontal axis 1 FIG. 9 indicates the Voltage applied
between the P+ diffusion layer 12 and the N+ diffusion layer
14, and the vertical axis in FIG. 9 idicates current detected
when the voltage 1s applied. The thickness of the silicon
semiconductor layer 4 of the photodiode 1 used to obtain
these experimental results was approximately 50 nanometers
and the wavelength of the applied ultraviolet radiation was
approximately 395 nanometers.

The dark current was measured 1n a state 1n which the
photodiode 1 was placed within a darkroom. As shown in
FIG. 9, 1t 1s understood that in the photodiode 1 according to
this first exemplary embodiment, there 1s a definite difference
for distinguishing between at-ultraviolet application and the
dark current on the reverse bias side, and the S/N ratio of the
dark current to photoelectric current 1s suificiently ensured.
On the other hand, it 1s understood that a dark current shown
with “A” marks for comparison of a case in which the silicide
layers 17 extend over the P-diffusion layer 15 1s nearly equal
to a photoelectric current at the ultraviolet application 1n this
first exemplary embodiment and 1s not definitely distin-
guished from the at-ultraviolet application, thereby making 1t
unable to ensure the S/N ratio sufficiently, whereby such case
1s 1nappropriate as a photodiode for detecting the ultraviolet
light.

In this first exemplary embodiment, the P+ diffusion layer
contacts one edge lying inside the frame-shaped device 1s0-
lation layer formed 1n the silicon semiconductor layer of the
SOI structure. The N+ diffusion layer that contacts the other
edge opposite to one edge of the device 1solation layer 1s
disposed via the P- diffusion layer. The silicide layers are
tormed over the P+ diffusion layer and the N+ diffusion layer
being spaced away from the boundaries between the P+ dii-
tusion layer and N+ diffusion layer and the P- diffusion layer.
It 1s thus possible to easily form the non-silicide portions with
the sides of the boundaries of the P- diffusion layer not
brought into contact with the device isolation layer at the
peripheral edges of the P+ diffusion layer and the N+ diffu-
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sion layer being spaced away from the P- diffusion layer.
Therefore, the silicide layers are prevented from extending
over the P- diffusion layer, and the quality of the photodiode
can be stabilized.

In the exemplary embodiment, the P- diffusion layer of the
photodiode has generally the same concentration of the
P-type impurity found in the channel region of the nMOS
clement. The N+ diffusion layer has the same concentration
of the N-type impurity found in the source and drain layers of
the nMOS element. The P+ diffusion layer has the same
concentration of the P-type impurity found 1n the source and
drain layers ol the pMOS element. The silicide layers have the
same metal components as the silicide layers formed 1n the
source and drain layers of the nMOS element and the pMOS
clement. Thus, during the step for forming the channel region
of the nMOS element, the step for forming the source layer
and drain layer ol the nMOS element, and the step for forming
the source layer and drain layer of the pMOS element, all can
be formed simultaneously using the same resist mask 1n com-
mon. Likewise, at the step for forming the silicide layers in the
source and drain layers of the nMOS element and pMOS
clement, all can be formed simultaneously using the same
high melting-point metal layer, thereby making 1t possible to
simplity the manufacturing process of the photo IC 38.

Referencing FIGS. 10 and 11, a second exemplary embodi-
ment includes a second exemplary photo integrated circuit
38'. Inthis second exemplary embodiment, reference numeral
40 indicates a dummy gate. The dummy gate 40 comprises a
dummy gate oxide film 41 formed of the same material as gate
oxide films 214,215 of an nMOS element 7a and a pMOS
clement 75, a dummy gate electrode 42 formed on the dummy
gate oxide film 41 with the same material as gate electrodes
224a,22b, and dummy sidewalls 43 formed of the same mate-
rial as the sidewalls 23 on their corresponding side surfaces of
the gate electrodes 22a,22b. Silicide layers 17 are formed
above the dummy gate electrodes 42 on the P+ diffusion layer
12 and N+ diffusion layer 14 sides.

The dummy gate oxide film 41 employed 1n the present
embodiment 1s formed on a P-diffusion layer 135 so as to cover
part located on the P— diffusion layer 15 along the boundaries
16 with a P+ diffusion layer 12 and the N+ diffusion layer 14.
The dummy sidewalls 43 formed on the sides of the P+
diffusion layer 12 and the N+ diffusion layer 14 respectively
extend on the P+ diffusion layer 12 and the N+ diffusion layer
14 and function as mask members for forming non-silicide
portions 18 employed in the present embodiment.

Referring to FIGS. 12-14, an second exemplary method for
manufacturing a photo IC 38' according to this second
embodiment includes starting with a silicon semiconductor
layer 4 of a semiconductor water formed with a thickness of
approximately 50 nanometers 1n a manner similar to the first
exemplary embodiment. Since the operations shown 1n FIGS.
12(a)-12(c) parallel those of FIGS. 3(a)-3(c), their descrip-
tion has been omitted for purposes of brevity.

Looking at FIG. 12(d), a resist mask (not shown) 1s formed
to cover oxide film 33 and polysilicon layer 34 and developed
using known photolithography techniques to facilitate aniso-
tropic etching to form the gate electrodes 22q,2256 1n the
transistor forming areas 8a,8b, as well as the dummy gate
clectrodes 42 1n a diode forming area 6.

Referring to FIG. 13(a), resist masks 31 are fabricated
using known photolithography techniques to cover the tran-
sistor forming area 8b and the diode forming area 6 up to the
center on the dummy gate electrode 42 and expose the form-
ing area 8a and the N+ diffusion layer 14 of the diode forming
area 6 (corresponding to the portion shaped 1n the form of “E”
shown 1n FIG. 10). Using the resist mask 31, extension por-
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tions 27a of an nMOS element 7a are formed 1n the silicon
semiconductor layer 4 on both sides of the gate electrode 22a.
An N-type impurity of generally median concentration 1s
diffused 1nto polysilicon for the gate electrode 22a, and the
N-type impurity of generally median concentration 1s dif-
fused 1nto the silicon semiconductor layer 4 1n the forming
area of the N+ diffusion layer 14 on a self-alignment basis.

Retferencing FI1G. 13(b), the resist masks 31 formed previ-
ously are removed, and a resist mask 31 1s formed, using
known photolithography techniques, to cover the transistor
forming area 8a and up to the center on the dummy gate
clectrode 42 on the side the P+ diffusion layer 12 1n the diode
forming area 6 (corresponding to the portion shaped in the
form of “m” shown 1n FIG. 10), but exposes the transistor
forming area 8b. Using the resist mask 31, a P-type impurity
1s diffused into the silicon semiconductor layer 4 to form
extension portions 276 of apMOS element 76 on both sides of
the gate electrode 226 1n a manner similar to the first exem-
plary embodiment shown and described to correspond to FI1G.
4(b). At the same time, P-type impurity of median concentra-
tion 1s diffused 1nto polysilicon for the gate electrode 225, and
P-type impurity of median concentration 1s diffused into the
silicon semiconductor layer 4 in the diode forming arca 6
resulting in the P+ diffusion layer 12.

With reference to FIG. 13(c¢), the resist masks 31 formed
during the previous steps are removed to expose the upper
surfaces of the gate electrodes 224,225 and the dummy gate
clectrodes 42, as well as the upper surface of the silicon
semiconductor layer 4 1n a manner similar to that described
and shown in FIG. 4(c¢), thereby forming sidewalls 23 and
dummy sidewalls 43 on corresponding side surfaces of the
gate electrodes 22a,22b and the dummy gate electrodes 42.

Looking at FIG. at FIG. 13(d), resist masks 31 similar to
those discussed with respect to FIG. 4(d) are formed using
known photolithography techniques. Likewise, in a manner
similar to the discussion concerning FIG. 4(d) of the first
exemplary embodiment, a source layer 234 and a drain layer
26a of the nMOS element 7a are formed 1n the corresponding
s1licon semiconductor layer 4 on both sides of the sidewalls
23 by diffusion of an N-type impurity. At the same time, an
N+ diffusion layer 14 of the photodiode 1 1s formed on a
self-alignment basis, and an N-type impurnty of a relatively
high concentration 1s diffused 1nto the gate electrode 22a.

Reterring to FIG. 14(a), the resist masks 31 formed during,
the previous steps are removed, and resist masks 31 similar to
those discussed with respect to FIG. 5(a) of the first exem-
plary embodiment are formed using known photolithography
techniques. In a manner similar to the discussion of the first
exemplary embodiment, a source layer 236 and a drain layer
266 of the pMOS element 75 are formed 1n the corresponding
s1licon semiconductor layer 4 on both sides of the sidewalls
23. Atthe same time, a P+ diffusion layer 12 of the photodiode
1 1s formed on a self-alignment basis, and a P-type impurity of
a relatively high concentration is diffused into the gate elec-
trode 22b.

Reterencing FI1G. 14(b), the resist masks 31 formed during,
the previous step are removed, followed by carrying out of an
annealing process or similar heat treatment to activate the
respective diffusion layers. Thereafter, a resist masks 31 1s
formed using known photolithographic techniques to include
an opening in the diode forming region 6 aligned between
respective dummy gates 40 and up to the centers dummy
gates. Using the resist mask 31, silicon oxide 1s deposited by
a known CVD method to form a silicon oxide film 36.

With reference to FIG. 14(c), the resist mask 31 formed
during the previous step 1s removed, and cobalt 1s deposited
on the gate electrodes 22a,225b, on the dummy gate electrodes




US 7,687,873 B2

13

42, and on the exposed portions of the silicon semiconductor
layer 4 by a known sputter method, thereby forming a high
melting-point metal layer. The high melting-point metal layer
that contacts the exposed silicon of the P+ diffusion layer 12
and N+ diffusion layer 14, the gate electrodes 224,225, the
source layers 25q,25b, the drain layers 264,265, and the
dummy gate electrodes 42 1s silicidized by salicide process-
ing to form silicide layers 17.

Since, at this time, the forming areas 18a of the non-silicide
portions 18 of the P+ diffusion layer 12 and the N+ diffusion
layer 14 are covered with their corresponding sidewalls 43,
non-silicide portions 18 are formed below the dummy side-
walls 43 adjacent to the boundaries 16 between the P- difiu-

* [T

sion layer 15 and the N+ diffusion layer 14, as well as between
the P- diffusion layer 15 and the P+ diffusion layer 12.

Subsequent to the salicide process, a following heat treat-
ment or an etching step may be performed to remove the
unreacted high melting-point cobalt metal layer. In addition,
as shown 1n FIG. 14(d), the silicon oxide film 36 1s removed
from between respective dummy gates 40.

Referencing FIG. 14(e), contact plugs 29 are formed 1n a
similar manner as the discussion provided in the first exem-
plary embodiment with respect to FIG. S(e). Thereafter,
another process similar the discussion provided with the first
exemplary embodiment with respect to FIG. 5(e) 1s carried
out to form contact plugs 30 contacting the silicide layers 17
above the gate electrodes 22a,225b. Since the foregoing steps
are so similar in manner to those for the first exemplary
embodiment, repetition of these precise steps has been omit-

ted for purposes of brevity.

In the photodiode 1' formed 1n accordance with this second
exemplary embodiment, the respective diffusion layers dii-
fuse the same 1mpurity (1.¢., the same type) and in generally
the same concentration as the respective diffusion layers for
the nMOS element 7a and pMOS element 75. The silicide
layers 17 of the photodiode 1' are formed of the same metal
component as the silicide layers 17 provided above the
respective diffusion layers for the nMOS element 7a and
pMOS element 7b. Theretfore, the step for forming the silicide
layers 17 can be all done at once using the same resistmask 31
and the same high melting-point metal layer, thus making 1t
possible to simplify the process of manufacturing the photo

1C 38..

The dummy gate oxide films 41, dummy gate electrodes 42
and dummy sidewalls 43 of the dummy gates 40 are respec-
tively formed with the same components as the gate oxide
films 214,215, the gate electrodes 22a,22b and the sidewalls
23 for the nMOS element 7a and pMOS element 7b. There-
fore, the step of forming the gates of the nMOS element 7a
and the pMOS element 756 can be formed simultaneously with
the dummy gates 40 using the same silicon oxide film 33, the
same polysilicon layer 34, the same resist mask 31, and the
same silicon nitride film. Thus, 1t 1s possible to simplity the
process of manufacturing the photo IC 38'.

In the photodiode 1' 1n accordance with the second exem-
plary embodiment, the silicide layers 17 formed above the P+
diffusionlayer 12 and the N+ diffusion layer 14 are defined by
the dummy gate electrodes 42 and the dummy sidewalls 43,
and the non-silicide portions 18 are formed on a self-align-
ment basis between the P+ diflusion layer 12 and N+ diffu-
sion layer 14 and the boundaries 16 with the P— diffusion
layer 15. It 1s therefore possible to easily prevent the silicide
layers 17 from extending over the P- diffusion layer 15. The
S/N ratio of a dark current to a photoelectric current can be
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ensured sulliciently. It 1s thus possible to prevent variations 1n
the characteristic of the photodiode 1' and thereby stabilize
the quality thereof.

Incidentally, although the second exemplary embodiment
has been explained so that the dummy gate electrodes and the
dummy gate oxide films are caused to remain as they are,
these may be removed before the formation of the resist
masks 31 for cobalt metal deposition or after the formation of
the silicide layers 17.

In this second exemplary embodiment, 1n addition to an
advantageous eflect similar to the first exemplary embodi-
ment, the dummy sidewalls of the dummy gates are formed
close to their corresponding boundaries over the P+ diffusion
layer and the N+ diffusion layer on the sides of the boundaries
between the P+ diffusion layer and the N+ diffusion layer and
the P- diffusion layer. The silicide layers are respectively
formed above the P+ diffusion layer and N+ diffusion layer
between the dummy sidewalls and the device 1solation layer.
It 1s thus possible to easily form the non-silicide portions
beneath (1.e., below) the dummy sidewalls on a self-align-
ment basis by means of the dummy sidewalls.

Incidentally, although the exemplary embodiments have
explained so that the low concentration diffusion layer is
formed by diffusing the P-type impurity, an advantageous
elfect similar to the above can be brought about even though
it 1s formed by diflusing the N-type impurity 1n a relatively
low concentration. Although the exemplary embodiments
have explained the P+ diffusion layer as being formed 1n the
“ ”-shaped fashion and the N+ diffusion layer as being
formed 1n the “E”-shaped fashion, their shapes may be
reversed or the number of comb tooth portions may be
increased.

Further, although each of the exemplary embodiments has
explained so that the plural comb tooth portions are provided
in the P+ diffusion layer and the N+ diffusion layer and
disposed 1n tooth engagement with one another, only the edge
portions may be disposed in opposing relationship with the
low concentration diffusion layer interposed therebetween
without providing the comb tooth portions. Furthermore,
although each of the embodiments has explained the silicon
semiconductor layer as being the silicon semiconductor layer
formed on the buried oxide film used as the insulating layer of
the SOI substrate, 1t may be a silicon semiconductor layer of
an SOS (Silicon On Sapphire) substrate formed on a sapphire
substrate used as an insulating layer, or a silicon semiconduc-
tor layer or the like of an SOQ (Silicon On Quartz) substrate

formed on a quartz substrate used as an 1nsulating layer.

Following from the above description and invention sum-
maries, 1t should be apparent to those of ordinary skill 1n the
art that, while the methods and apparatuses herein described
constitute exemplary embodiments of the present invention,
the 1nvention contained herein 1s not limited to this precise
embodiment and that changes may be made to such embodi-
ments without departing from the scope of the invention as
defined by the claims. Additionally, 1t 1s to be understood that
the invention 1s defined by the claims and 1t 1s not intended
that any limitations or elements describing the exemplary
embodiments set forth herein are to be mncorporated nto the
interpretation of any claim element unless such limitation or
clement 1s explicitly stated. Likewise, it 1s to be understood
that 1t 1s not necessary to meet any or all of the 1dentified
advantages or objects of the mvention disclosed herein 1n
order to fall within the scope of any claims, since the mven-
tion 1s defined by the claims and since inherent and/or unfore-
seen advantages of the present invention may exist even
though they may not have been explicitly discussed herein.
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What 1s claimed 1s

1. A photodiode comprising:

a semiconductor layer including a device forming area and
a device 1solation area that at least partially surrounds
the device forming area;

a device 1solation layer formed 1n the device 1solation area;

a P+ diffusion layer formed 1n the device forming area;

an N+ diffusion layer spaced away from the P+ dlffuswn

layer and formed 1n the device forming area;

a third diffusion layer formed 1n the device formmg area

located between the P+ diffusion layer and the N+ dii-

fusion layer, the third diffusion layer comprising an
impurity of the same type and at a lower concentration as
one of the P+ diffusion layer and the N+ diffusion layer;

silicide layers respectively formed at least in an upper
portion of the P+ diffusion layer and at least in an upper
portion ol the N+ diffusion layer and respectively spaced
away from a boundary between the third diffusion the P+
diffusion layer and a boundary between the third difiu-

ston layer and N+ diffusion layer;

an nMOS element and a pMOS element each having a

source and a drain formed 1n a device forming area of the
semiconductor layer and a gate electrode opposite to a
channel region between the source and drain, with a gate
oxide film mterposing the channel region and gate elec-
trode; and

silicide layers respectively formed at least 1n an upper

portion of the source and the drain of each of the nMOS
clement and the pMOS element.

2. The photodiode of claim 1, wherein the third diffusion
layer has approximately the same concentration of the same
impurity as the channel region of at least one of the nMOS
clement and the pMOS element.

3. The photodiode of claim 1, wherein a concentration of
impurity of the N+ diffusion layer 1s approximately the same
as a concentration ol the same impurity as the source and
drain of the nMOS element.

4. The photodiode of claim 1, wherein a concentration of
impurity of the P+ diffusion layer 1s approximately the same
as a concentration of the same impurity as the source and
dram of the pMOS clement.

5. The photodiode of claim 1, wherein a metal component
ol at least one of the silicide layers 1s the same as a metal
component of at least one of the silicide layers formed 1n the
source and drain of the nMOS element and pMOS element.

6. A photodiode comprising:

a semiconductor layer including a device forming area and

a device 1solation are that at least partially surrounds the
device forming area;

a device 1solation layer formed 1n the device 1solation area;

a P+ diffusion layer formed 1n the device forming area;

an N+ diffusion layer spaced away from the P+ dlffuswn
layer and formed 1n the device forming area;

a third diffusion layer formed 1n the device formmg area

located between the P+ diffusion layer and the N+ dii-

fusion layer, the third diffusion layer comprising an
impurity of the same type and at a lower concentration as
one of the P+ diffusion layer or the N+ diffusion layer;

dummy sidewalls formed over the P+ diffusion layer and

N+ diffusion layer, at least one of the dummy sidewalls

overlying a boundary between the P+ diffusionlayer and

the third diffusion layer, and at least another of the
dummy sidewalls overlying a boundary between the N+
diffusion layer and the third diffusion layer; and

a first silicide layer formed 1n an upper portion of the P+
diffusion layer, a second silicide layer formed in an
upper portion of the N+ diffusion layer, and a third
silicide layer formed between the dummy sidewalls and
above the device 1solation layer.

10

15

20

25

30

35

40

45

50

55

60

16

7. The photodiode of claim 6, further comprising:

a support substrate; and

an sulating layer formed over the support substrate;

wherein the semiconductor layer 1s formed over the 1nsu-

lating layer.

8. The photodiode of claim 6, wherein:

the P+ diffusion layer 1s formed adjacent to a first edge of

the device 1solation layer; and

the N+ diffusion layer 1s formed adjacent to a second edge

of the device isolation layer, the second edge being
opposite the first edge.

9. The photodiode of claim 6, wherein at least one of the
silicide layers 1s formed adjacent to at least one of a first edge
and a second edge of the device 1solation layer.

10. The photodiode of claim 6, wherein at least one of the
silicide layers 1s formed to 1nterpose at least an upper portion
of the P+ diffusion layer and the device 1solation layer.

11. The photodiode of claim 6, wherein at least one of the
silicide layers 1s formed to 1nterpose at least an upper portion
of the N+ diffusion layer and the device 1solation layer.

12. The plotodlode of claim 6, wherein the P+ diffusion
layer and the N+ diffusion layer are shaped in comb-shaped
form, and an edge side of the comb-shaped form 1s proximate
to the device 1solation layer.

13. The photodiode of claim 6, further comprising:

an nMOS element and a pMOS element each having a

source and a drain formed 1n a device forming area of the
semiconductor layer and a ante electrode opposite to a
channel region between the source and drain, with a gate
oxide film interposing the channel region and gate elec-
trode:

a fourth silicide layer formed at least 1n an upper portion of

the source of the nMOS element;

a fifth silicide layer formed at least in an upper portion of

the drain of the nMOS element;

a sixth silicide layer formed at least in an upper portion of

the source of the pMOS element; and

a seventh silicide layer formed at least 1n an upper portion

of the drain of the pMOS element.

14. The photodiode of claim 13, wherein, the third diffu-
s1on layer has approximately the same concentration of the
same 1mpurity as the channel region of at least one of the
nMOS element and the pMOS element.

15. The photodiode of claim 13, wherein a concentration of
impurity of the N+ diffusion layer 1s approximately the same
as a concentration of the same impurity as the source and
drain of the nMOS element.

16. The photodiode of claim 13, wherein a concentration of
impurity of the P+ diffusion layer 1s approximately the same
as a concentration of the same impurity as the source and
drain of the pMOS element.

17. The photodiode of claim 13, wherein a metal compo-
nent of at least one of the silicide layers 1s the same as a metal
component of at least one of the silicide layers formed 1n the
source and drain of the nMOS element and pMOS element.

18. The photodiode of claim 6, wherein the thickness of the
semiconductor layer 1s 50 nanometers or less.

19. The photodiode of claim 13, wherein the dummy side-
walls have the same components as sidewalls of the nMOS
clement and pMOS element.

20. The photodiode of claim 6, wherein the device 1solation
layer includes silicon oxide formed within the semiconductor
layer.

21. The photodiode of claim 6, wherein the third diffusion
layer includes a P-type impurity.

22. The photodiode of claim 6, wherein the third diffusion
layer includes an N-type impurity.
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